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EP1 138 712A2 

Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to polyarylene copolymers. More particuiarty, the invention relates to a pol- 
yarylene copolymers useful as a proton-conductive membrane utilizable In applications such as electrolytes for primary 
batteries, electrolytes for secondary batteries, solid polymer electrolytes for fuel cells, display elements, various sen- 
sors, signal-transmitting media, solid capacitors, and ion-exchange membranes. The Invention further relates to a 
proton-conductive membrane formed from the copolymer. 

DESCRIPTION OF THE RELATED ART 

[0002] Electrolytes are usually used as (aqueous) solutions In many cases. In recent years, however, there is a 
growing tendency to replace such aqueous soluble-form electrolytes with solid electrolytes. The first reason for this is 

15 the easiness of processing in applications of solid electrolytes to, e.g., the electrical/electronic materials mentioned 
above. The second reason is the trend toward reduction in weight, thickness, length and size, and toward energy saving. 
[0003] Conventionally known proton -conductive materials Include both Inorganic materials and organic materials. 
Examples of the inorganic materials include uranyl phosphates which fonn hydrate. However, these inorganic com- 
pounds are insufficient in interfacial contact to pose many problems concerning the fomnation of a conductive layer on 

20 a substrate or electrode. 

[0004] On the other hand, examples of the organic compounds include organic polymers such as polymers belonging 
to the so-called cation-exchange resins, e.g., sulfonated vinyl polymers such as sulfonated polystyrene (co)polymers 
with perfiuoroalkylsulfonic acid represented by Nation (manufactured by E.I. du Pont de Nemours & Co., Inc.), and 
perfluoroalkytcarboxylic acid polymers, and polymers prepared with incorporating sulfonic acid groups or phosphonic 

25 acid groups into heat-resistant polymers such as poiybenzimidazoie and poly (ether-ether-ketone) s [see Polymer 
Preprints, Japan, Vol.42, No.7, pp.2490-2492 (1 993); Polymer Preprints, Japan, Vol.43. No.3, pp.735-736 (1 994) ; and 
Polymer Preprints, Japan, Vol.42, No.3, p. 730 (1993)]. 

. [0005] Although these organic polymers are usually used in the form of a membrane, a conductive membrane thereof 
can be bonded to an electrode white taking advantage of the solvent-soluble or thennoplasticity thereof. IHowever, 

30 many of those organic polymers have the following problems besides being still insufftelent in proton conductivity. The 
organic polymers deteriorate in mechanical properties and durability or in proton conductivity at elevated temperatures 
(1 00°C or higher), and the proton conductivity thereof highly depends on humidity conditions. Adhesion to the electrode 
is not fully satisfactory. Furthemnore, the conductive membrane swells excessively during operation due to the hy- 
drophilic polymer structure, and this swelling leads to a decrease in strength properties or a defomriation. Consequently, 

35 application of those organic polymers to the aforementioned electrical/electronic materials and the like pose various 
problems. 

[0006] In U.S. Patent 5,403,675 is proposed a solid polymer electrolyte comprising a sulfonated rigid polyphenylene. 
This polymer is produced from a polymer comprising a phenylene chain obtained by polymerizing an aromatic com- 
pound (the polymer structure is described in column 9 in the specification) by reacting the phenylene polymer as the 

^0 main component with a sulfonating agent to incorporate sulfonic acid groups thereinto. iHowever, the incorporation of 
a large amount of sulfonic acid groups results in a sulfonated polymer having considerably impaired mechanical 
strength properties although proton conductivity Improves with the increasing amount of sulfonic acid groups incorpo- 
rated. It is therefore necessary to regulate the concentration of sulfonic acid groups to a proper value which enables 
the sulfonated polymer to retain Intact excellent mechanical properties and have proton conductivity. Virtually, however, 

^5 sulfonation of this polymer is apt to proceed excessively and it Is exceedingly difficult to properly regulate the amount 
of sulfonic groups incorporated. 

SUMMARY OF THE INVENTION 

so [0007] The invention has been achieved in view of the conventional technical problems. 

[0008] One object of the invention Is to provide polyarylene copolymers which can be sulfonated while being easily 
regulated with respect to the upper limit of sulfonic acid group incorporation amount so as not to impair mechanical 
properties and thus gives a sulfonated polymer which has high proton conductivity in a wide temperature range, has 
-excellent mechantoal strength, is reduced In swelling In hot water, and gives a proton-conductive membrane having 

55 excellent durability. 

[0009] Another object of the invention is to provide a proton-conductive membrane fonned from the copolymer. 
[0010] The invention provides polyarylene copolymers which comprise (A) from 60 to 3 mol% aromatic compound 
units having a main chain containing one or more electron-withdrawing groups and one or more ether bonds therein 
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(hereinafter referred to also as "units (A)") and (B) from 40 to 97 mol% aromatic compound units having a main chain 
containing no electron-withdrawing groups therein (hereinafter referred to also as "units (B)") (provided that (A)+(B) = 
100 mol%). 

[001 1 ] The electron-withdrawing groups preferably are divalent groups which are at least one member selected from 
5 the group consisting of -CO-, -CONH-, -(CF2)p- (wherein p is an integer of 1 to 1 0), -C(CF3)2-, -COO-, -SO-, and -SO2-. 
[001 2] The polyaryiehe copolymer of the invention preferably are polyarylene copolymers having sulfonic acid groups 
(hereinafter referred to also as "sulfonic acid-containing copolymer" or "sulfonated polymer"). 
[001 3] The invention further provides proton-conductive membranes comprising the sulfonic acid-containing copol- 
ymers. 

10 

BRIEF DESCRiPTION OF THE DRAWINGS 
[0014] 

IS Fig. 1 Is an IR chart of the sulfonated polymer obtained in Example 1 . 

Fig. 2 is an IR chart of the sulfonated polymer obtained in Example 2. 

Fig. 3 is an IR chart of the sulfonated polymer obtained in Example 3. 

Fig. 4 is an IR chart of the polyarylene copolymer obtained in Example 4. 

Fig. 5 is an IR chart of the sulfonated polymer obtained in Example 5. 
20 Fig. 6 is an IR chart of the polyarylene obtained in Example 6. 

Fig. 7 is an IR chart of the sulfonated polymer obtained in Example 6. 

Fig. 8 is an IR chart of the polyarylene obtained in Example 8. 

Fig. 9 is an IR chart of the sulfonated polymer obtained in Example 8, 

Fig. 1 0 is an IR chart of the polyarylene obtained In Example 1 0. 
2s Fig. 11 is an IR chart of the sulfonated polymer obtained In Example 10. 

Fig. 12 is an I R chart of the polyarylene obtained in Example 11 . 

Fig. 13 is an IR chart of the sulfonated polymer obtained in Example 11 . 

DETAILED DESCRIPTION OF THE INVENTION 

30 

[0015] The polyarylene copolymer of the invention comprises (A) from 60 to 3 mol% aromatic compound units having 
a main chain containing one or more electron-withdrawing groups therein and (B) from 40 to 97 mol% aromatic com- 
pound units having a main chain containing no electron-withdrawing groups therein (provided that (A)+(B) = 1 00 mol%). 
[0016] Examples of units (A) include aromatic compound units represented by the following general formula (1), 
35 while examples of units (B) include aromatic compound units represented by at least one of the following fonriuiae (2) 
to (4). 

[0017] The term "electron-withdrawing group" as used herein means a group having a IHammetfs substituent con- 
stant of 0.06 or larger or 0.01 or larger when located in a meta position or the para position, respectively, in the phenyl 

group. 

40 



R' R2 R« R^ R^° R'^ R^^ 



45 




so wherein X and X' may be the same or different and each represents at least one divalent electron- withdrawing group 
selected from the group consisting of -CO-, -CONH-, -(CF2)p- (wherein p is an integer of 1 to 10), -C(CF3)2-, -C00-, 
-SO-, and -SOg-; R^ to R^^ may be the same or different and each represents a hydrogen atom, a halogen atom, an 
alkyl group, a haiogenoalkyi group, an allyl group, or an aryl group; and n is a number of 0 or 1 . 
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In general formulae (2) to (4). R^^ to R24 may be the same or different and each represents a hydrogen atom, an alkyi 
group, a halogen atom, a halogenoalkyi group, an aryl group, or a group represented by the formula 




wherein X represents an electron-withdrawing divalent group; Y represents an electron-donating divalent group; and 
R25to R33 each represents a hydrogen atom, an alkyI group, a halogen atom, a halogenoalkyi group, or an aryl group. 
[0018] Specific examples of R^ to R^^ in general fonnula (1) are as follows. Examples of the halogen atom Include 
fluorine atom. Examples of the alkyI group Include methyl and ethyl. Examples of the halogenoalkyi group Include 
trifluoromethyl and pentaf luoroethyl. Examples of the allyl group include propenyl. Examples of the aryl group Include 
phenyl and pentafluorophenyl. 

[0019] In general formulae (2) to (4), R^^ to R24 may be the same or different and represent a hydrogen atom, an 
alkyI group, a halogen atom, a halogenoalkyi group, or a monovalent organic group containing one or more functional 
groups which do not Inhibit a polyarylene-polymerizatlon reaction. 

[0020] Examples of the alkyi group represented by R^^ to R24 include methyl, ethyl, propyl, butyl, pentyl, and hexyl. 
[0021] Examples of the halogen atom include chlorine, bromine, and iodine atoms. Examples of the halogenoalkyi 
group include trifluoromethyl, perf luoroethyl, perfluoropropyl, perfluorobutyl, perfluoropentyl, and perfluorohexyl. 
[0022] In the fonnula 
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examples of the electron -withdrawing group represented by X Include the same electron-withdrawing groups enumer- 
ated above with regard to general formula (1), and examples of the electron-withdrawing group represented by Y 
include -O- and -S-. Specific examples of the group represented by the fonnula Include 4-phenoxyphenylcarbony1. 
[0023] In the polyarylene copolymers of the invention, the proportion of units (A) is from 60 to 3 mol%, preferably 
from 40 to 3 mol%. 

[0024] If the proportion of units (A) exceeds 60 mol%, not only the polyarylene copolymers obtained have poor 
soiubility leaded processability, but also sulfonic acid groups cannot be incorporated after polymerization in an amount 
sufficient to enable the polymer to have proton conductivity. On the other hand, if the proportion thereof is smaller than 
3 mol%, the copolymerlzatlon Is Ineffective in improving mechanical properties, improving water resistance and meth- 
anol resistance, regulating the upper limit of sulfonic acid groups to be Incorporated, etc. 

[0025] The polyarylene copolymers of the invention comprise repeating structural units represented by general for- 
mula (1) given above [units (A)] and repeating structural units represented by at least one of general formulae (2) to 
(4) given above [units (B)]. 

[0026] The sulfonic acid-containing copolymers are, for example, polymers obtained by copolymerizing a monomer 
corresponding to general formula (1) with one or more monomers corresponding to at least one of general formulae 
(2) to (4) in the presence of a catalyst comprising a transition metal compound and sulfonating the resultant copolymers 
with a sulfonating agent 

[0027] The polyarylene copolymers of the invention are prepared, for example, with polymerizing an aromatic com- 
pound which has a main chain containing one or more electron-withdrawing groups and one or more ether bonds 
therein and is represented by the following general fomnula (1)' (hereinafter referred to also as "monomer (A)") with at 
least one aromatic compound represented by at least one of the following general fomiulae (2)' to (4)' (hereinafter 
refen-ed to also as "monomer (B)"), in a solvent In the presence of a catalyst comprising a transition metal compound. 




[0028] In general formula (1 )' given above, X, X', to Ri^, and n are the same as in general fonnula (1 ); and R and 
R* may be the same or different and each represents a halogen atom other than fluorine or a group represented by 
-OSO2Z (wherein Z represents an alkyi group, a halogenoalkyi group, or an aryi group). 

[0029] Examples of the halogen atom represented by R or R' in general formula (1)' include chlorine, bromine, and 
iodine atoms. In the group -OSO22 in general fonnula (1 )', examples of the alkyI group represented by Z include methyl 
and ethyl, examples of the halogenoalkyi group represented thereby include trifluoromethyl, and examples of the aryl 
group represented thereby include phenyl and p-tolyl. 
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[0030] In general fonnulae (2)' to (4)', R^^ to R24 are the same as In general fomiulae (2) to (4), and R and R' are 
the sanr^e as in general fomnula (1)'. 

[00311 ExanDples of the monomers (A) represented by general formula (1)' Include 4,4'-dichloroben2ophenone, 2,4'- 
dichloroben2ophenone, 3,3'-dlchlorobenzophenone, 4,4'-dibromobenzophenone, 2,4 -dibromobenzophenone, 3,3'-di- 
bromobenzophenone, 4,4'-dliodobenzophenone, 2,4'-diiodobenzophenone, 3,3'-dilodobenzophenone, bls(4-trifluor- 
omethylsulfonyloxyphenyl) ketone, bis(3-trifluoromethylsulfonyloxyphenyl) ketone, 4,4'-bls(4-chlorobenzoyl)diphenyl 
ether, 4,4'-bls(3-chlorobenzoyl) -diphenyl ether, 4,4'-bis(4-bromoben2oyl)dlphenyl ether, 4,4'-bls(3-bromobenzoyl) 
dlphenyl ether, 4,4'-bls(4-lodobenzoyl) diphenyl ether, 4,4'-bis (3-iodobenzoyl) diphenyl ether, 4,4'-bls(4-trifluorometh- 
ylsulfonyloxyphenyl)dlphenyl ether, 4,4'-bls (3-trlfluoromethylsulfonyloxyphenyl) diphenyl ether, 4,4'-bls (4-methylsul- 
fonyloxyphenyl) diphenyl ether, 4,4'-bis (3-methylsu If onyloxy phenyl) diphenyl ether, 4*-bis(4-chlorobenzoylamino) 
diphenyl ether, 3,4'-bis(4-chlorobenzoylamino)diphcnyl ether, 4,4'-bis(3-chlorobenzoylamlno)dlphenyl ether, 3,4'-bls 
(3-chlorobenzoyl)diphenyl ether, 4,4'-bis(4-bromobenzoylamino)diphenyl ether, 3,4'-bis(4-bromoben2oylamlno)dlphe- 
nyl ether, 4,4*-bis(3-bromoben2oylamino)diphenyl ether, 3,4'-bis(3-bromobenzoylamlno)dlphenyl ether, 4,4'-bls(4-io- 
dobenzoylamino)dlphenyl ether, 3,4'-bis(4-iodoben2oylamlno)diphenyl ether, 4,4'-bls (3-lodoben2oylamlno)dlphenyl 
ether, 3,4'-bis(3-iodobenzoylamino)diphenyl ether, 4,4'-bis(4-trifluoromethylsulfpnyloxyphenyl)diphenyl ether, 3,4'-bis 
(4-trifluoromethylsulfonyloxyphenyl)diphenyl ether, 4,4'-bis(3-trifluoromethylsulfonyloxyphenyl)diphenyl ether, 3,4' -bis 
(3-trifluoromethylsulfonyloxyphenyl)diphenyl ether, 4,4'-bis(4-methylsulfonyloxyphenyl)diphenyl ether, 3,4'-bis 
(4-methylsulfonyloxyphenyl)dlphenyl ether, 4,4'-bls(3-methylsulfonyloxyphenyl)diphenyl ether, 3,4'-bls(3-methylsulfo- 
nyloxyphenyl)diphenyl ether, 4,4'-bis(4-chlorophenylsulfonyl)diphenyl ether, 3,4'-bis(4-chlorophenylsulfonyI)dlphenyl 
ether, 4,4'-bis(3-chlorophenylsulfonyl)diphenyl ether, 3,4'-bis(3-chlorophenylsulfonyl)diphenyl ether, 4,4'-bls 
(4-bromophenylsulfonyl)djphenyl ether, 4,4'-bis(4-bromophenylsulfonyl)diphenyl ether, 4,4'-bls(3-bromophenylsulfo- 
nyl)diphenyl ether, 3,4'-bis(3-bromophenylsulfonyl)diphenyl ether, 4,4'-bis (4-iodophenylsulfonyl) diphenyl ether, 4,4'- 
bls(4-lodophenylsulfonyl)dlphenyl ether, 4,4'-bls(3-lodophenylsulfonyl)dlphenyl ether, 3,4'-bls(3-lodophenylsulfonyl) 
diphenyl ether, 4,4'-bls(4-trlfluoromethylsulfonyloxyphenylsulfonyI)dlphenyl ether, 4,4'-bls(4-trifluoromethylsulfony- 
loxyphenylsulfonyl)dlphenyl ether, 4,4'-bis(3-trlfluoromethylsulfonyloxyphenylsulfonyl)-diphenyl ether, 3,4'-bis 
{3-trifluoromethylsulfonyloxyphenylsulfonyl)-diphenyl ether, 4,4'-bis(4-methylsulfonyloxyphenylsulfonyl)-dlphenyl 
ether, 4,4'-bis(4-methylsulfonyloxyphenylsulfonyl)-diphenyl ether, 4,4'-bis(3-methylsulfonyloxyphenylsulfonyl)-diphe- 
nyl ether, 3,4'-bis(3-methylsulfonyloxyphenylsulfonyl)-diphenyl ether, 4,4'-bis(4-chlorophenyl)diphenyl ether dicarbox- 
ylate. 3,4'-bis(4-chlorophenyl)diphenyl ether dicarboxylate, 4,4*-bls(3-chlorophenyl)dlphenyl ether dicarboxylate. 3,4'- 
bis(3-chlorophenyl)diphenyl ether dicarboxylate, 4,4'-bls(4-bromopheny!)dlphenyl ether dicarboxylate, 3,4'-bis 
(4-bromophenyl)diphenyl ether dicarboxylate, 4,4'-bis(3-bromophenyl)diphenyl ether dicarboxylate, 3,4'-bis 
(3-bromophenyl)diphenyl ether dicarboxylate, 4,4'-bis(4-lodophenyl)diphenyl ether dicarboxylate, 3,4'-bis(4-lodophe- 
nyl)diphenyl ether dicarboxylate, 4,4'-bis(3-iodophenyl)diphenyl ether dicarboxylate, 3,4'-bls(3-iodophenyl)dlphenyl 
ether dicarboxylate, 4,4'-bis(4-trifluoromethylsulfonyloxyphenyl)diphenyl ether dicarboxylate, 3,4*-bis(4-trifluorometh- 
ylsutfonyloxyphenyl)diphenyl ether dicarboxylate, 4,4' -bis (3-trifluoromethylsulfonyloxyphenyl) diphenyl ether dicarbo- 
xylate. 3,4'-bis (3-trlfluoromethylsulfonyloxyphenyl) diphenyl ether dicarboxylate, 4,4'-bis(4-methylsulfonyloxyphenyl) 
diphenyl ether dicarboxylate, 3,4'-bis(4-methylsuIfonyloxyphenyl)diphenyf ether dicarboxylate, 4, 4'-bis (3-methylsu If o- 
nyloxyphenyl)diphenyl ether dicarboxylate, 3,4'-bis(3-methylsulfonyloxyphenyl)diphenyl ether dicarboxylate, 4,4'-bis[ 
(4-chlorophenyl)-1 ,1 ,1 ,3,3,3-hexafluoropropylJdiphenyl ether, 3,4'-bls[(4-chlorophenyl)-1 ,1 ,1 ,3,3,3-hexafluoropropyl] 
diphenyl ether, 4,4'-bls[(3-chlorophenyl)-1 ,1 ,1 ,3,3,3-hexafluoropropyl]dlphenyl ether, 3.4'-bis[(3-chlorophenyl)- 
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1 ,1 ,1 ,3,3,3-hexafluoropropyl]diphenyl ether, 4,4'-bis[(4-bromophenyI)-1 ,1 ,1 ,3,3,3-hexafluoropropyl]diphenyl ether, 
3,4'-bis[(4-bromophenyl)-1 ,1 ,1 ,3,3,3-hexafluoropropyl]diphenyl ether, 4,4'-bjs[{3-bromophenyl)-1 ,1 ,1 ,3,3,3-hexafluor- 
opropyljdiphenyl ether, 3,4'-bls[(3-bromophenyl)-1.1,1,3,3,3-hexafluoropropyl]diphenyl ether. 4.4'-bls[(4-lodophenyl)- 
1.1.1,3.3,3-hexafluoropropyl]dlphenyl ether, 3,4'-bls[(4-iodophenyl)-1,1,1,3,3,3-hexafluoropropyl]diphenyl ether, 4,4'- 
bis[(3-lodophenyl)-1 ,1 ,1 ,3,3,3-hexafluoropropylJdlphenyl ether, 3,4'-bis[(3-iodophenyl)-1 ,1 ,1 ,3,3,3-hexafluoropropyl] 
diphenyl ether, 4,4'-bls[(4-trlfluoromethylsulfonyloxyphenyl)-1 ,1,1 ,3,3,3-hexafluoropropyl]diphenyl ether, 3,4'-bls[(4-tri- 
fluoromethylsulfonyloxyphenyl)-1 ,1 ,1 ,3,3.3-hexafluoropropyl]diphenyi ether, 4,4'-bis[(3-trifluoromethylsulfonyloxyphe- 
nyl)-1 ,1 ,1 ,3.3,3-hexafIuoropropyI]diphenyl ether, 3,4*-bis[(3-trifluoromethylsurfonyloxyphenyl)-1 ,1 ,1 ,3,3,3-hexafluoro- 
propyl]djphenyl ether, 4,4'-bls[{4-methylsulfor»yloxyphenyl)-1,1 ,1,3,3,3-hexafluoropropyl]dlphenyl ether, 3,4'-bls[ 
(4-methylsulf onyloxyphenyl)-1 ,1,1 ,3,3,3-hexafluoropropyl]diphenyl ether, 4,4'-bls[(3-methylsu!fonyloxyphenyl)- 
1,1,1 ,3,3,3-hexafluoropropyl]diphenyl ether, 3,4'-bis[(3-methylsulfonyloxyphenyl)-1 .1 ,1 ,3,3,3-hexafluoropropyl]dlphe- 
nyl ether, 4,4'-bis[(4-chlorophenyl)tetrafluoroethyOdlphenyl ether, 4,4'-bls[(3-chlorophenyl)tetrafluoroethyl]diphenyl 
ether, 4,4'-bis[(4-chlorophenyl)hexafluoropropyl]diphenyl ether, 4,4'-bls[(3-chlorophenyl)hexafluoropropyl]dlphenyl 
ether, 4,4'-bls[(4-chlorophenyl)octafluorobutyl]diphenyl ether, 4,4'-bis[(3-chlorophenyl)octafluorobutyl]diphenyl ether, 
4,4'-bls[(4-chlorophenyl)decafluoropentyl]diphenyl ether, 4,4*-bisI(3-chlorophenyl)decafluoropentyl]dlphenyl ether, 
4,4'-bjs[(4-bromophenyl)tetrafluoroethyl]diphenyl ether, 4,4'-bis[{3-bromophenyl)tetrafluoroethyl]diphenyl ether, 4,4'- 
bls[{4-bromophenyl)hexafluoropropyl]diphenyl ether. 4,4'-bls[(3-bromophenyl)hexafluoropropyl]dlphenyl ether, 4,4'- 
bjs[(4-bromophenyl)octafluorobutyl]diphenyl ether, 4,4'-bls[(3-bromophenyl)octafluorobutyI]dlphenyl ether, 4,4'-bls[ 
(4-bromophenyl)decafluoropentyl]diphenyl ether, 4,4'-bis[(3-bromophenyl)decafluoropentyl]diphenyl ether. 4,4'-bls[ 
(4-iodophenyl)tetrafluoroethyGdiphenyl ether, 4,4*-bis[(3-iodophenyl)tetrafluoroethyl]diphenyl ether, 4,4*-bis[{4-lodo- 
phenyl)hexafluoropropyl]diphenyl ether, 4,4'-bis[(3-iodophenyl)hexafluoropropyl]dlphenyl ether, 4,4'-bls[(4-lodophe- 
nyl)octafluorobutyl]diphenyl ether, 4,4'-bjs[(3-lodophenyl)octafluorobutyl]diphenyl ether, 4,4'-bis[(4-iodophenyl)de- 
cafluoropentyl]diphenyl ether, 4,4'-bis[(3-iodophenyl)decaf!uoropentyl]dlphenyl ether, 4,4*-bls[(4-trifluoromethylsulfo- 
nyloxyphenyl)tetrafluoroethyl]-dlphenyl ether, 4,4'-bis[(3-trifluoromethylsulfonyloxy-phenyl)tetrafluoroethyl]dlphenyl 
ether, 4,4'-bls[(4-trifluoromethylsulfonyloxyphenyl)hexafluoropropyl]diphenyl ether, 4,4' -bis[(3-trifluoromethylsulfony- 
loxyphenyl)hexafluoropropyl]dlphenyl ether, 4,4'-bis[(4-trifluoromethylsulfonyloxyphenyl)octafluorobutyl]diphenyl 
ether, 4,4'-bis[(3-trifluoromethylsulfonyloxyphenyl)octafluorobutyl] diphenyl ether, 4,4'-bis[(4-trifluoromethylsulfony- 
loxyphenyl)decafluoropentyl]dlphenyl ether, 4,4'-bis[(3-trifluoromethylsulfonyloxyphenyl)decafluoropentyl]diphenyl 
ether, 4,4'-bls[(4-methylsulfonyloxyphenyl)tetrafluoroethyl]dlphenyl ether, 4,4'-bls[(3-methylsulfonyloxyphenyl) 
tetrafluoroethyljdlphenyl ether, 4,4'-bis[(4-methylsulfonyloxyphenyl)-hexafluoropropyQdiphenyl ether, 4,4'-bis[(3-meth- 
ylsulfonyloxyphenyl)hexafluoropropyl]diphenyl ether, 4,4'-bis[(4-methylsulfonyloxyphenyl)octafluorobutyl]diphenyl 
ether, 4,4'-bls[(3-methylsulfonyloxyphenyl)octafluorobutyl]dlphenyI ether, 4,4'-bis[(4-methylsulfonyloxyphenyl)-de- 
cafluoropentyl]diphenyl ether, and 4,4'-blsI(3-nnethylsuIfonyloxyphenyl)decafluoropentyl]diphenyl ether. 
[0032] On the other hand, examples of the monomers (B) represented by general fonnula (2)' Include p-dlchloroben- 
zene, p-dibromobenzene, p-dliodobenzene. p-dimethylsulfonyloxybenzene, 2,5-dlchlorotoluene. 2.6-dibromotoluene, 
2,6-dilodotoluene. 2.5-dlmethylsulfonyloxybenzene, 2,5-dichloro-p-xylene, 2,5-dlbromo-p-xylene, 2,5-dilodo-p-xylene, 
2,6-dichlorobenzotrifluorlde, 2,5-dlbromobenzotrlfluorlde, 2,5-dllodobenzotrifluoride, 1 ,4-dichloro-2,3,5,6-tetrafluor- 
obenzene, 1 ,4-dlbromo-2,3,5,6-tetrafluorobenzene, 1 ,4-dilodo-2,3,5,6-tetrafluorobenzene, 4'-phenoxy-2,5-dichlo- 
robenzophenone, and 4'-phenoxyphenyl 2,5-dlchlorobenzoate. Preferred of these are p-dichlorobenzene, p-dlmethyl- 
suifonyloxybenzene, 2,5-dichlorotoluene, 2,5-dichl6robenzotrifluoride, 4'-phenoxy-2,5-dlchlorobenzophenone, and 4'- 
phenoxyphenyl 2,5-dichlorobenzoate. 

[0033] Examples of the monomers (B) represented by general fonnula (3)' include 4,4'-dlmethylsulfonyloxyblphenyl, 
4,4'-dimethylsulfonyloxy-3,3'-dipropenylbiphenyl, 4,4'-dlbromobjphenyl, 4,4'-dliodobiphenyl, 4,4'-dlmethylsulfonyloxy- 
3,3'-dlmethylbiphenyl, 4,4'-dlmethyIsulfonyloxy-3,3'-dlfluorobiphenyl, 4,4'-dlmethylsutfonyloxy-3,3',5,5'-tetrafluorobl- 
phenyl, 4,4'-dibromooctafluoroblphenyl, and4,4'-(4-methylsulfonyloxyphenyloctafluorobiphenyl. Preferred of these are 
4,4'-dlmethylsulfonyloxyblphenyl, 4,4*-dibromobiphenyi, 4,4'-diiodoblphenyl, - and 4,4'-dimethylsulfonyloxy-3,3'-dipro- 
penylbiphenyl. 

[0034] Examples of the monomers (B) represented by general formula (4)' Include m-dichlorobenzene, m-dibro- 
mobenzene, m-dliodobenzene, m-dimethylsu!fonyloxybenzene, 2,4-dichlorotoluene, 2,4-dibromotoluene, 2,4-dliodo- 
toluene, 3,5-dlchlorotoluene, 3,5-dlbromotoluene, 3,5-dilodotoluene, 2,6-dlchlorotoluene, 2,6-dibromotoluene, 2,6-dj- 
iodotoluene, 3,5-dimethylsulfonyloxytoluene, 2,6-dlmethylsulfonyloxytoluene, 2,4-dlchlorobenzotrlfluorlde, 2,4-dibro- 
mobenzotrifluoride, 2,4-diiodobenzotrifluoride, 3,5-dichlorobenzotrifluorlde, 3,5-dibromobenzotrifluoride, 3,5<ftlodo- 
benzotrlfluoride, 1 ,3-dlbromo-2.4,5,6-tetrBfluorobenzene, 2,4-dlchloro-4'-phenoxybenzophenone, and 2,4-dichloro-4'- 
phenoxyphenyl benzoate. Preferred of these are m-dichlorobenzene, 2,4-dlchlorotoluene. 3,5-dlmethylsulfonyIoxytol- 
uene, 2.4-dichlorobenzotrifluoride, 2,4-dichloro-4'-phenoxybenzophenone, and 2,4-dich!oro-4'-phenoxyphenyl ben- 
zoate. 

[0035] Preferred of the aforementioned monomers (B) represented by general fonnulae (2)' to (4)' from the stand- 
points of solubility and production of a polymer having a high molecular weight are 2,5-dichloro-4'-phenoxybenzophe- 
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none, 2,4-dichloro-4'-phenoxybenzophenone, 2,5-dlchloro-4'-phenoxyphenyI benzoate, and 2,4-djchloro-4'-phenoxy- 
phenyl benzoate. 

[0036] The proportion of monomers (A) , which is at least one compound represented by general fomiula (1)*, to 
monomers (B), which is at least one of aromatic compounds represented by general formulae (2) ' to (4)', to be copo- 
5 lymerlzed is the same as the proportion of units (A) to units (B) described above. Namely, monomers (A) Is used in an 
amount of from 60 to 3 mot%, preferably from 40 to 3 moi%, white monomers (B) is used In an amount of from 40 to 
97 mol%, preferably from 60 to 97 mol%. 

[0037] in particular, in the case where monomers (B) represented by general fomriula (2)* is used, the proportion 
thereof Is preferably 1 0 mol% or larger, more preferably 20 moi% or larger, based on all monomers. When the proportion 
10 of monomers (B) represented by general formula (2)' Is within that range, polymers having high molecular weights and 
satisfactory solubility is obtained. 

[0038] in the case where monomers (B) represented by general fonnula (3)' is used, the proportion thereof is pref- 
erably 50 mol% or smaller, more preferably 30 moi% or smaller, based on ail monomers. When the proportion of this 
monomer is within that range, polymers having high molecular weights and satisfactory solubility Is obtained. 

15 [0039] Furthermore, In the case where monomers (B) represented by general fonmula (4)' is used, the proportion 
thereof is preferably 50 moi% or smaller, more preferably 30 moi% or smaller, based on all monomers. 
[0040] The catalyst to be used In producing the polyarylene copolymers of the Invention Is a catalyst system con< 
taining transition metal compounds. The catalyst systems comprise as essential ingredients (1) either a combination 
of a transition metal salt and one or more ligands or a transition metal (salt) having one or more ligands coordinated 

20 thereto and (2) a reducing agent. A salt may be added to the catalyst system In order to heighten the rate of polymer- 
ization. 

[0041] Examples of the transition metal salt include nicl^el compounds such as nicl<el chloride, nickelbromlde, nickel 
iodide, and nickel acetylacetonate, palladium compounds such as palladium chloride, palladium bromide, and palladium 
iodide, Iron compounds such as iron chloride, Iron bromide, and Iron iodide, and cobalt compounds such as cobalt 
25 chloride, cobalt bromide, and cobalt iodide. Especially preferred of these are nickel chloride and nickel bromide. 

[0042] Examples of the ligands include triphenylphosphine, 2,2'-bipyridlne, 1 ,5-cyclooctadiene, and 1 ,3-bis(diphe- 
nyiphosphino)propane. Preferred of these are triphenylphosphine and 2,2'-bipyridine. These ligands may be used alone 
or in combination of two or more thereof. 

[0043] Examples of the transition metals (salts) having one or more ligands coordinated thereto Include nickel chloride 
30 bls(trlphenyiphosphlne), nickel bromide bis(triphenylphosphine), ntokel iodide bis(trlphenylphosphlne), nickel nitrate 
bls(trlphenylphosphine), nickel chloride 2,2'-blpyridine, nickel bromide 2,2'-bipyridine, nickel iodide 2,2'-bipyridine, nick- 
el nitrate 2,2'-blpyridine, bis (1 ,5-cyclooctadlene) nickel, tetrakis (triphenylphosphine) nickel, tetrakls(triphenylphos- 
phite)nickei, and tetrakis(trlphenylphosphine)palladium. Preferred of these ere nickel chloride bis (triphenylphosphine) 
and nickel chloride 2,2'-bipyridine. 
35 [0044] Examples of the reducing agents which can be used In the catalyst systems according to the Invention Include 
iron, zinc, manganese, aluminum, magnesium, sodium, and calcium. Preferred of these are zinc, magnesium, and 
manganese. These reducing agents can be used after having been further activated by contact with an acid, e.g., an 
organic acid. 

[0045] Examples of the salts which can be optionally used in the catalyst systems according to the invention include 

40 sodium compounds such as sodium fluoride, sodium chloride, sodium bromide, sodium, iodide, and sodium sulfate, 
potassium compounds such as potassium fluoride, potassium chloride, potassium bromide, potassium iodide, and 
potassium sulfate, and ammonium compounds such as tetraethylammonium fluoride, tetraethylammonium chloride, 
tetraethylammonium bromide, tetraethylammonium iodide, and tetraethylammonium sulfate. Preferred of these are 
sodium bromide, sodium iodide, potassium bromide, tetraethylammonium bromide, and tetraethylammonium iodide. ' 

45 [0046] In the catalyst systems, the proportions of the ingredients to be used therein are as follows. The proportion 
of either the transition metal salts or the transition metals (salts) having one or more ligands coordinated thereto is 
generally from 0.0001 to 10 mot, preferably from 0.01 to 0.5 mol, per mol of all the monomers represented by general 
fomiulae (1)' to (4)'. When the proportion thereof is smaller than 0.0001 mol, the polymerization reaction does not 
proceed sufficiently. On the other hand, proportions thereof exceeding 1 0 mol pose such a problem that the polymer- 

50 ization yields a polymer having low molecular weight. 

[0047] In the case where the catalyst system contains a transition metal salts and one or more ligands, the proportion 
of the ligands Is generally from 0.1 to 1 00 mol, preferably from 1 to 1 0 mol, per mol of the transition metal salts. When 
the proportion thereof Is smaller than 0.1 mol, the result is insufficient catalytic activity. On the other hand, proportions 
thereof exceeding 1 00 mol pose such a problem that the polymerization yields polymer with a low molecular weight. 

55 [0048] The proportion of the reducing agents to be used in the catalyst systems are generally from 0.1 to 100 mol, 
preferably from 1 to 10 mol, per mol of ail the monomers represented by general fonmulae (1)' to (4)'. When the pro- 
portion thereof is smalier than 0.1 mol, the potymerization does not proceed sufficientty. On the other hand, proportions 
thereof exceeding 100 mot pose a probiem that the polymer obtained is difficult to purify. 
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[0049] In the case where the salts as an optional ingredient are used in the catalyst system, the proportion thereof 
is generally from 0.001 to 1 00 mol, preferably from 0.01 to 1 mol, per mol of all the monomers represented by general 
formulae (1)' to (4)'. When the proportion thereof Is smallerthan 0.001 mol, the effect of heightening the rate of polym- 
erization is insufficient. On the other hand, proportions thereof exceeding 1 00 mol pose such a problem that the polymer 
5 obtained Is difficult to purify. 

[0050] In the invention, the monomers (A) and the monomers (B) can be reacted in the presence of a molecular 
weight modifier, thereby controlling a molecular weight of the polymer obtained. 

[0051] The molecular weight modifier is a monomer having only one reaction site (such as monohalogenated aromatic 
compounds or monosuifonate compounds) in order to stop Increase In molecular weight of the polyarylene obtained. 

10 The molecular weight modifier is represented by general formula such as R-^, H-^-T or R-<^T*(t), wherein R is a group 
represented by halogen atom or -OSO2Z (wherein Z represents alkyi group, halogenated all^i group or aryi group), ^ 
is benzene nucleus, and T is monovalent or divalent electron-withdrawing groups, where examples of the monovalent 
groups include -CN, -NO2 and -C0NR"2 (wherein R"* represents aikyl group oraryl group) , and examples of the divalent 
groups include -CO- , -CONH-. -SOg, -SO-, -C(CF3)-, -C(CF3)(C6H5)- and -COO-. 

15 [0052] Preferable examples of the molecular weight modifier Include monohalogented aromatic compounds such as 
4-chlrobenzophenoe, 4-chlorobenzanilide, chlrorbenzene, bromobenzene, 4-bromobenzophenone, phenyl 4-chlo- 
robenzoate, phenyl 4-bromobenzoate, 4-chlorophenylbenzoate, 4-bromophenyl benzoate, 2,2-chlorophenyI-phenyl- 
hexafluoropropane and 1,1,1-diphenyl-chlorophenyltrifluoromethane, and monosuifonate compounds such as chlo- 
rophenyl-phenylsuifone, 4-sulfonyloxybenzophenone and 4-sutfonyixydiphenyisulfone. in the invention, halogen atom 

20 that the monohalogenated aromatic compounds have is preferably chlorine atome or bromine atom. 

[0053] Amount of the molecular weight modifier used is 0.1 to 100 mmoi, preferably 0.5 to 30.0 mmol, pre mole of 
the sum of the monomers (A) and monomers (B). if the amount is less than 0.1 mmol, the effect to increase molecular 
weight Is not exhibited, and if the amount exceeds 1 00 mmol, molecular weight remarkably decreases. 
[0054] Examples of polymerization solvents which can be used in the invention include tetrahydrofuran, cyclohex- 

25 anone, dimethyl sulfoxide, N.N-dimethylformamide, N.N-dimethylacetamide, N-methyl-2-pyrrolidone and y-butyrol- 
actam. Prefen^ed of these are tetrahydrofuran, N, N-dimethylformamide, N,N-dimethylacetamide, and NHmethyt-2-pyr- 
rolidone. It is preferred to sufficiently dry these polymerization solvents before use. 

[0055] The concentration of all the monomers represented by general fonmulae (1)' to (4)' in the polymerization 
solvent is generally from 1 to 90% by weight, preferably from 5 to 40% by weight. 

30 [0056] The polymerization for preparing the polymer of the invention is conducted at a temperature of generally from 
0 to 200^0, preferably from 50 to 80^C. for a period of usually from 0.5 to 100 hours, preferably from 1 to 40 hours. 
[0057] In the case where monomers (A) represented by general fomiula (1)' and monomers (B) represented by 
general fomiula (2)' are used for obtaining a polymer consisting of repeating structural units represented by general 
fomiulae (1) and (2) (provided that the units have no sulfonic acid groups), an example of the reaction schemes is as 

35 follows. 



40 



45 



50 




55 

[0058] The structure of the polyarylene copolymers of the invention can be ascertained, for example, from infrared 
absorption spectra based on the C-O-C stretching appearing at 1 ,230 to 1 ,250 cnr\ the 0=0 stretching appearing at 
1,640 to 1,660 cnr^ etc., or from a nuclear magnetic resonance (^H-NMR) based on the peak assigned to aromatic 
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protons appearing at 6.B to 8.0 ppm. 

[0059] The polyarylene copolymers having sulfonic acid groups for use as the conductive membrane of the invention 
can be obtained by incorporating sulfonic acid groups into the above-described polyarylene copolymers having no 
sulfonic acid groups by an ordinary method using a sulfonating agent. 
5 [0060] For example, sulfonic acid groups can be incorporated by sulfonating the polyarylene copolymers having no 
sulfonic acid groups with known sulfonating agents such as sulfuric acid anhydride, fuming sulfuric acid, chlorosutfonic 
acid, sulfuric add, or sodium hydrogen sulfite under Icnown conditions [see Polymer Preprints, Japan, Vol.42, No.3, p. 
730 (1993); PolymerPreprints, Japan, Vol.42, No.3, p.736 (1994); and Polymer Preprints, Japan, Vol.42, No.7, pp. 
2490-2492(1993)]. 

10 [0061] Specifically, the reaction conditions for this sulfonation are as follows. The polyarylene copolymer having no 
sulfonic acid groups is reacted with the sulfonating agent In the presence or absence of a solvent. Examples of the 
solvent include hydrocarbon solvents such as n-hexane, ether solvents such as tetrahydrofuran and dioxane, aprotic 
polar solvents such as N,N-dimethylacetamide, N.N-dimethyifomriamide, N-methyi-2-pyrrolidone, and dimethyl sulfox- 
ide, and halogenated hydrocarbons such as tetrachloroethane, dichloroethane, chlorofonn, and methylene chloride. 

IS Although the reaction temperature is not particularly limited, it is generally from -50 to 200^C. preferably from -10 to 
1 0O^'C. The reaction period is generally from 0.5 to 1 ,000 hours, preferably from 1 to 200 hours. 
[0062] Thus, copolymers comprising units (A) and units (B) and having sulfonic acid groups are obtained. The amount 
of the sulfonic acid groups contained in the polymer Is generally from 1 to 5 meq, preferably from 1 .5 to 4 meq, per g 
of the polymer. In other words, in the sulfonic acid containing polymer of the invention, the number of sulfonic acid 

20 groups contained therein is generally from 0.05 to 2, preferably from 0.3 to 1 .5, per unit (B) as a component of the 
polymer. When the number of sulfonic acid groups Is smaller than 0.05 per unit (B) as a component of the polymer, 
proton conductivity is Insufficient. On the other hand, when the number thereof exceeds 2 per unit (B), hydrophilicity 
is enhanced, so that the polymer is soluble in water or, even when remaining water-insoluble, has reduced durability. 
[0063]' Desirable examples of the sulfonic acid-containing copolymers are: 

25 

copolymers which comprise preferably from 40 to 3 mol%, more preferably from 30 to 6 mol%, structural units 
derived from 4,4'-bis(4-chloro)diphenyl ether as units (A) and preferably from 60 to 97 mol%, more preferably from 
70 to 95 mol%, structural units derived from 2,5-dichloro-4'-phenoxyben2ophenone as units (B) and which has 
sulfonic acid groups in an amount of preferably from 1 .5 to 3.5 meq, more preferably from 2.0 to 3.3 meq, per g 

30 of the polymer; and 

copolymers which comprise preferably from 35 to 7 mol%. more preferably from 30 to 8 mol%, structural units 
derived from 4,4'-dlchtorobenzophenone as units (A) and preferably from 65 to 93 mol%, more preferably from 70 
to 92 mol%, structural units derived from 2,5-dichloro-4'-phenoxybenzophenone as units (B) and which has sulfonic 
acid groups In an amount of preferably from 2.0 to 3.5 meq, more preferably from 2.0 to 3.3 meq, per g of the 

35 polymer. 

[0064] The amount of sulfonic acid groups to be incorporated can be easily regulated by changing the amount (pro- 
portion) of monomer (A) to be used as comonomers for fomning aromatic compound units having a main chain con- 
taining one or more electron-withdrawing groups therein. 

40 [0065] The molecular weight of the unsulfonated polyarylene copolymer, from which the sulfonic acid-containing 
copolymers of the invention is obtained by the method described above. Is generally from 1 ,000 to 1 ,000,000, preferably 
from 1 ,500 to 200,000, in tenDs of weight-average molecular weight calibrated for that of standard polystyrenes. When 
the molecular weight thereof is lower than 1 ,000, the polymer not only has insufficient membrane-fonning properties 
to give a membrane having craclcs, but has insufficient strength properties. On the other hand, when the molecular 

45 weight thereof exceeds 1 ,000,000, the polymer has problems of Insufficient solubility, too high a solution viscosity, poor 
processability, etc. 

[0066] The structure of the copolymers having sulfonic acid groups of the invention can be ascertained from an 
infrared spectra based on the S=0 absorption appearing at 1 ,030 to 1 ,045 cm-'' and at 1 ,1 60 to 1 ,1 90 cm^"" , the C-0- 
C stretching appearing at 1 ,130 to 1 ,250 cm""*, the C=0 stretching appearing at 1 ,640 to 1 ,660 cm'"" , etc. The compo- 

so sition of sulfonic acid in copolymers can be detemnined by titration based on neutralization of the sulfonic acid or by 
elemental analysis. The structure of the copolymer can be ascertained also from a nuclear magnetic resonance (^H- 
NMR) spectrum based on the peak assigned to aromatic protons appearing at 6.8 to 8.0 ppm. 
[0067] The proton-conductive membrane of the invention comprises the copolymers containing sulfonic acid groups 
described above. IHowever, the copolymers containing sulfonic acid groups may be used In combination with an Inor- 

55 ganic acid such as sulfuric acid or phosphoric acid, an organic acid such as a carboxylic acid, an appropriate amount 
of water, etc. 

[0068] Examples of methods for producing the proton-conductive membrane of the Invention Include a casting meth- 
od and a melt forming method. In the casting method, the copolymers containing sulfonic acid groups of the invention 



10 



EP1 138 712A2 



is dissolved in solvents and the solution Is formed into membrane by casting. 

[0069] Examples of the solvents used in the casting method include aprotic polar solvents such as N.N-dimethyla- 
cetamlde, N,N-dimethytformamlde. N-methyl-2-pyrrolldone, and dimethyl sulfoxide and alcohol solvents such as meth- 
anol. 

5 [0070] The proton-conductive membrane of the invention can be utilized as a proton-conductive membrane In ap- 
plications such as, e.g., electrolytes for primary batteries, electrolytes for secondary batteries, solid polymer electrolytes 
for fuel cells, display elements, various sensors, signal-transmitting media, solid capacitors, and ion-exchange mem- 
branes. 

[0071] The Invention will be explained below In more detail by reference to Examples, but the Invention should not 
10 be construed as being limited to the following Examples. 

[0072] in the Examples, various properties were detenmlned by the following methods. 

Weight-Average Molecular Weight 

IS [0073] The number-average molecular weight or weight-average molecular weight of a precursor polymer to be 
sulfonated was detemiined, in temis of molecular weight calibrated for standard polystyrene, by gel pemneation chro- 
matography (GPC) using tetrahydrofuran (THF) as a solvent. 

Equivalent Weight for Sulfonic Acid 

20 

' [0074] A polymer obtained was sufficiently washed with water until the washing water became near neutral to thereby 
remove the remaining free acid. The polymer washed was dried, and a given amount thereof was weighed and dissolved 
In a THF/water mixed solvent. This solution was titrated with a standard NaOH solution using phenolphthalein as an 
Indicator. The equivalent weight for sulfonic acid of the polymer was determined from the neutralization point. 

25 

Measurement of Proton Conductivfty 

[0075] A sample of membrane having a diameter of 1 3 mm which had been placed in an atmosphere having a relative 
humidity of 100% was sandwiched between platinum electrodes. This sandwich was placed in a closed cell, which 
30 was examined with an impedance analyzer (H YP41 92A) for the absolute value of cell impedance and for phase angle 
under the conditions of a frequency of from 5 to 13 Ml-lz, applied voltage of 12 mV, and temperature of 20^C, SO^C, 
or lOO^C. The data obtained were used to determine the complex impedance at an oscillation level of 12 mV with a 
computer. The proton conductivity of the sample was calculated therefrom. 

35 Tensile Strength 

[0076] The tensile strength of a membrane obtained was measured by conventional tensile test at room temperature. 
Behavior in Hot Water 

40 

[0077] The behavior of a membrane In hot water was observed by Immersing the membrane In 80**C water for 24 
hours and then examining the membrane for any changes in shape or state. 

O : The membrane had a swell lower than 20% and retained the shape. 
^ A: The membrane had a swell of 20% or higher and retained the shape. 
X: The shape was not retained. 

REFERENCE EXAMPLE 1 

SO [Synthesis of 3,4'-Bis(4-chlorobenzoyiamino)dlphenyl Ether] 

[0078] A stirrer, three-way cock, and dropping funnel were attached to a three-necked flask containing 28.0 g (140 
mmol) of 3.4'-diaminodiphenyl ether. The atmosphere in the flask was replaced with dry nitrogen. Thereto were added 
200 ml of N-methylpyrrotldone and 28.3 g (280 mmol) of triethylamine. The resultant mixture was stirred. This flask 
ss was placed on an ice bath to cool the reaction mixture to 0**C. Thereafter, 53.9 g (308 mmol) of 4-chlorobenzoyl chloride 
was added thereto through the dropping funnel over 30 minutes. This mixture was further stin^ed on the ice bath for 30 
minutes, subsequently allowed to gradually wann up to room temperature, and then continued to react for 12 hours. 
The resultant reaction mixture was poured into 1 .5 L of 4% aqueous sodium hydrogen carbonate solution. The precip- 
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Itate yielded was taken out by fittration, washed with water, and then dried. The powder obtained was dissolved in 300 
ml of N-methylpyrrolldone and reprecipitated from 1 L of methanol. The product was recovered by filtration and dried 
to obtain 66 g (yield. 99%) of the target compound. It showed a melting point of from 258 to 259"C. 

5 REFERENCE EXAMPLE 2 

[Synthesis of 4,4'-Bis(4-chlorobenzoyl)diphenyl Ether] 

[0079] A solution prepared by dissolving 42,6 g (250 mmol) of diphenyl ether and 87.5 g (600 mmol) of 4-chlorDben- 
10 zoyi chloride in 75 mi of methylene chloride was placed in a three-necl^ed flask equipped with a dropping funnel, stin-er, 
• and three-way cock, in a dry nitrogen atmosphere, a suspension obtained by dispersing 83.3 g (625 mmol) of anhydrous 
aluminum chloride in 75 mi of methylene chloride was added dropwise to the solution with stining and under cooling 
at 1 0**C or lower over 2 hours to react the reactants. The red-brown solution obtained after the dropwise addition was 
continuously reacted at room temperature for 10 hours and then poured into an ice bath containing hydrochloric acid 
f5 (a mixture of 2 kg of ice and 200 ml of aqueous hydrochloric acid solution) to cause precipitation. The precipitate was 
recovered by filtration and then dried. The powder obtained was pulverized and washed with 1 N aqueous hydrochloric 
acid solution, 5% aqueous sodium hydrogen cartjonate solution, and distilled water. The crude crystalline product was 
dissolved in toluene and dehydrated by azeotroplc distillation to obtain a concentrated solution. The concentrated 
solution was filtered through a hot Buchner funnel and the filtrate was cooled. Thus, 49 g of the target compound was 
20 obtained as crystals; the yield was 44%. 

EXAMPLE 1 

[0080] into a three-necked flask equipped with a ball condenser and a three-way cock were introduced 1 93.5 g (540 
25 mmol) of 2,6-dlchloro-4'-phenoxybenzophenone, 28.64 g (60 mmol) of 3,4'-bis(4-chloroben2oylamino)dlphenyi ether, 
11 .7 g (78 mmol) of sodium iodide, 11 .8 g (1 8 mmol) of bis(trlphenylphosphlne)nickei dichloride, 63.0 g (240 mmol) of 
triphenylphosphine, and 94.1 g (1 .44 mol) of zinc. This flask was placed on a 70*C oil bath and the atmosphere In the 
flask was replaced with nitrogen. Thereafter, 1,000 ml of N-methyl-2-pyrrolidone was added to the mixture under a 
nitrogen atmosphere to Initiate a reaction. The reaction mixture was reacted for 20 hours and then diluted with 500 ml 
30 of N-methyl-2-pyrrolidone. The resultant reaction mixture which had undergone polymerization was poured into a 1 : 
10 mixture of hydrochloric acid and methanol to precipitate polymer. The precipitates were washed, recovered by 
filtration, and then dried in vacuo. Thus, 173.3 g of a white powder was obtained. This polymer had a weight-average 
molecular weight of 1 23,000. The polymer obtained was fomried into membrane using N-methyl-2-pyrroildone as cast- 
ing solvent. This membrane was immersed in methanol, but no swelling was observed. 
35 [0081] 1 ,500 ml of concentrated sulfuric acid was added to 150 g of the polyarylene copolymer obtained above. This 
mixture was stirred at room temperature for 24 hours to suifonation. After the reaction, the reaction mixture was poured 
into a large amount of pure water to precipitate the sulfonated polymer. The resulting polymer was washed with water 
until the washing water became nearly neutral. Thereafter, the sulfonated polymer was recovered by filtration and dried 
in vacuo at 90*C. 1 85.2 g of the sulfonated polymer was obtained. An IR spectrum thereof is shown in Fig. 1 . 

40 

EXAMPLE 2 

[0082] Reaction was conducted In the same manner as In Example 1 . except that the amounts of the feed monomers, 
I.e., 2,5-dichloro-4*-phenoxybenzophenone and 3,4'-bls{4-chlorobenzoylamlno)diphenyl ether, were changed to 
^5 1 72.00 g (480 mmol) and 57,27 g (1 20 mmol), respectively. As a result, a polymer was obtained in an amount of 1 77.3 
g. It had a weight-average molecular weight of 133,500. 

[0083] A 150 g portion of the polymer was sulfonated In the same manner as in Example 1 to obtain 180.5 g of a 
sulfonated polymer. An IR spectrum thereof is shown In Fig. 2. 

50 EXAMPLE 3 

[0084] Reaction was conducted In the same manner as in Example 1 , except that the amounts of the feed monomers, 
i.e., 2,5-djchloro-4'-phenoxybenzophenone and 3,4'-bis(4-chlorobenzoylamino)dlphenyl ether, were changed to 
150.50 g (420 mmol) and 85.91 g (1 80 mmol), respectively. As a result, a polymer was obtained In an amount of 1 84.1 
55 g. It had a weight-average molecular weight of 145,200. 

[0085] A 150 g portion of the polymer was sulfonated in the same manner as in Example 1 to obtain 176.2 g of a 
sulfonated polymer. An IR spectrum thereof is shown In Fig. 3. 
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EXAMPLE 4 



[0086] Reaction was conducted in tlie same manner as in Example 1 , except that 26.84 g (60 mmoi) of 4,4'-bis 
(4-ctilorobenzoyl)diphenyl ether was used In place of 28.64 g (60 mmoi) of 3,4'-bis(4-chlorobenzoylamino)diphenyl 
s ether. As a result, a polymer was obtained In an amount of 168.9 g. It had a weight-average molecular weight of 
135,400. An IR spectrum of the polyarylene copolymer obtained Is shown In Fig. 4. 

[0087] .A 150 g portion of the polymer was sulfonated In the same manner as in Example 1 to obtain 188.6 g of a 
sulfonated polymer. An IR spectrum thereof is shown in Fig. 5. 

10 EXAiy^PLE 5 

[0088] Reaction was conducted in the same manner as In Example 1, except that the amount of 2,5-dlchloro-4'- 
phenoxybenzene was changed to 188.04 g (525 mmoi) and the amount of 3,4'-bis(4-chlorobenzoylamino)diphenyl 
ether was changed to 33.55 g (75 mmoi). As a result, a polymer was obtained in an amount of 1 70.0 g. It had a weight- 
is average molecular weight of 1 38,200. 

[0089] A 150 g portion of the polymer was sulfonated in the same manner as in Example 1 to obtain 187.5 g of a 
sulfonated polymer. 

COMPARATIVE EXAMPLE 1 

20 

[0090] Polymerization reaction was conducted in the same manner as In Example 1 , except that 21 4.9 g (600 mmol) 
of 2,5-dtchloro-4'-phenoxybenzophenone was used as the only monomer. As a result, a polymer was obtained in an 
amount of 161 g. This polymer had a weight-average molecular weight of 192,800. It swelled considerably in methanol. 
[0091] A 150 g portion of the polymer was sulfonated In the same manner as in Example 1 to obtain 190.2 g of a 
25 sulfonated polymer. 

COMPARATIVE EXAMPLE 2 

[0092] Reaction was conducted in the same manner as in Example 1 , except that the amounts of 2,5-dichloro-4'- 
30 phenoxybenzophenone and 3,4'-bls(4-chtorobenzoylamino)diphenyl ether were changed to 21 0.70 g (588 mmoi) and 
5.72 g (12 mmol), respectively As a result, a polymer was obtained in an amount of 165.1 g. It had a weight-average 
molecular weight of 158,800. 

[0093] A 150 g portion of the polymer was sulfonated In the same manner as in Example 1 to obtain 188.6 g of a 
sulfonated polymer. 

3S [0094] The polymers obtained In Examples 1 to 5 and Comparative Examples 1 and 2 were dissolved In NMP In a 
concentration of 10%. The resultant solutions each was cast on a glass plate and dried at lOO^C finally in a vacuum 
to remove the solvent. Thus, membranes were produced. Properties of the polymers obtained are summarized in Table 
1. 

40 Table 1 





Equivalent Weight 
for Sulfonic acid 
(meq/g) 


Proton conductivity 
(S/cm) 


Tensile strength (kg/ 
cm2) 


. Behavior in hot 
water 


Example 1 


2.47 


2.67x10-3 


686 


O 


Example 2 


2.36 


2.55x10-3 


745 


O 


Example 3 


2.12 


2.44x10-3 


980 


p 


Example 4 


2.39 


2.34x10-3 


920 


0 


Example 5 


2.23 


2.35x10-3 


845 


O 


Comparative 
Example 1 


2.97 


2.16x10-3 


320 


X 


Comparative 
Example 2 


3.03 


2.27x10-3 


345 


X 
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EXAMPLE 6 

[0095] Into a three-necked flask equipped with a ball condenser and a three-way cock were introduced 1 93.5 g (540 
mmol) of 2,5-dlch!oro-4'-phenoxyben2ophenone, 1 5. 1 g (60 mmol) of 4,4'-dtehloroben2ophenone, 11 .7 g (78 mmol) of 

5 sodium iodide, 1 1 .8 g (1 8 nfinnol) of bis (triphenylphosphine) nickel dichloride, 63.0 g (240 nnmol) of triphenylphosphine, 
and 94.1 g (1 .44 mot) of zinc. This flask was placed on a 70^C oti bath and the atmosphere in the fiask was replaced 
with nitrogen. Thereafter, 1,000 mi of N-methyl-2-pyn'olidone was added to the mixture in a nitrogen atmosphere to 
Initiate a reaction . The reaction mixture was reacted for 20 hours and then diluted with 500 ml of N-methyl-2-pyrrolidone. 
The resultant reaction mixture which had undergone polymerization was poured Into a 1:10 mixture of hydrochloric 

10 acid and methanol to precipitate a polymer. The precipitate was washed, recovered by filtration, and then dried in 
vacuo. Thus, a white powder was obtained in an amount of 1 53 g. This polymer had a weight-average molecular weight 
of 159,000. The polymer obtained was fornied into membrane using N-methyl-2-pyrrolidone as a casting solvent. This 
membrane was immersed in methanol, but no swelling was obsen^ed. An IR spectmm of the polymer obtained In shown 
In Fig. 6. 

15 [0096] To 1 50 g of the polymer obtained above was added 1 ,500 rhi of concentrated sulfuric acid. This mixture was 
stirred at room temperature for 24 hours to sulfonatation. After the reaction, the reaction mixture was poured into a 
large amount of pure water to precipitate the sulfonated polymer. The resulting polymer was washed with water until 
the washing water came to near neutral pint. Thereafter, the sulfonated polymer was recovered by filtration and dried 
at 90^C in vacuo. 1 79 g of the sulfonated polymer was thus yielded. An IR spectrum thereof is shown in Fig. 7. 

20 

EXAMPLE 7 

[0097] Reaction was conducted in the same manner as in Example 6, except that the amounts of 2,5-dichloro-4'- 
phenoxybenzophenone and 4,4' -dichlorobenzophenone were changed to 1 82.7 g (51 0 mmol) and 22.6 g (90 mmol). 
25 respectively. As a result, a polymer was obtained in an amount of 150 g. It had a weight-average molecular weight of 

143,500. 

[0098] Sulfonation was conducted in the same manner as in Example 6 to obtain 1 75 g of a sulfonated polymer. 
EXAMPLE 8 

30 

[0099] Reaction was conducted in the same manner as in Example 6, except that the amounts of 2,5-dichloro-4'- 
phenoxybenzophenone and 4,4'-dichlorobenzophenone were changed to 1 71 .6 g (480 mmol) and 30.1 3 g (120 mmol), 
respectively. As a result, a polymer was obtained In an amount of 148 g. It had a weight-average molecular weight of 
129,600. An IR spectrum of the polymer obtained is shown in Fig. 8. 
^ [01 00] Sulfonation was conducted in the same manner as in Example 6 to obtain 1 71 g of a sulfonated polymer. 
[0101] An IR spectrum of the sulfonated polymer Is shown in Fig. 9. 

EXAMPLE 9 

40 [0102] Reaction was conducted in the same manner as in Example 6, except that the amounts of 2,5-dichloro-4'- 
phenoxybenzophenone and 4,4'-dichiorobenzophenone were changed to 1 54.0 g (420 mmol) and 45.2 g (180 mmol), 
respectively. As a result, a polymer was obtained in an amount of 142 g. It had a weight-average molecular weight of 
63,800. 

[0103] Sulfonation was conducted In the same manner as In Example 6 to obtain 1 62 g of a sulfonated polymer 
45 [0104] The polymers obtained In Examples 6 to 9 were dissolved in NMP in a concentration of 10%. The resultant 
solutions each was cast on a glass plate and dried at 1 0O^'C finally in a vacuum to remove the solvent. Thus, membranes 
were produced. Properties of the polymeiB obtained are summarized In Table 2. 



Table 2 





Poly(4.4*- 
benzophenone) 

chain In 
copolymer 
(moI%) 


Equivalent 
weight of sulfonic 
acid (meq/g) 


Proton 
conductivity (S/ 
cm) 


Tensile strength 
(kg/cm2) 


Behavior in hot 
water 


Example 6 


10 


2.59 


2.56x10-3 


560 


0 


Example 7 


15 


2.48 


2.36x10-3 


575 


0 
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Table 2 (continued) 







Poly(4,4*- 


Equivalent 


Proton 


Tensile strength 


Behavior in hot 






benzophenone) 


weightof sulfonic 


conductivity (S/ 


(kg/cm2) 


water 


5 




chain In 


acid (meq/g) 


cm) 










copolymer 














(mol%) 










10 


Example 8 


20 


2.33 


2.10x10-3 


623 


0 


Example 9 


30 


2.25 


1.98x10-3 


750 


0 



EXAMPLE 10 



[0105] Polymerization reaction was conducted under the same conditions as in Example 6, except that 29.5 g (60 
is mmol) of bis(4-trifluoromethyisulfonyloxyphenyi)hexafIuoropropane was used In place of 15.1 g (60 mmol) of 4,4'- 
dichlorobenzophenone. 

[0106] Thus, a polymer was obtained In an amount of 1 65 g. It had a weight-average molecular weight of 294,000. 
An IR spectrum of the polymer obtained (s shown In Fig. 10. 

[0107] Sulfonation was conducted in the same manner as in Example 6 to obtain 1 96 g of a sulfonated polymer. 
20 [0108] An IR spectrum of the sulfonated polymer Is shown In Fig. 11 . 

EXAMPLE 11 

[0109] Polymerization reaction was conducted under the same conditions as in Example 9, except that 88.6 g (180 
25 mmol) of bis(4-trifluoromethylsulfonyloxyphenyl)hexafluoropropane was used In place of 45.2 g (180 mmol) of 4,4'- 
dlchlorobenzophenone. 

[0110] Thus, a polymer was obtained in an amount of 166 g. It had a weight-average molecular weight of 116,000. 
An IR spectrum of the polymer obtained is shown in Fig. 12. 

[0111] Sulfonation was conducted in the same manner as In Example 6 to obtain 180 g of a sulfonated polymer. 
30 [0112] An IR spectrum of the sulfonated polymer is shown in Fig. 13. 

[0113] The polymers obtained in Examples 10 and 11 were dissolved in NMP in a concentration of 1 0%. The resultant 
solutions each was cast on a glass plate and dried at 1 00**C finally in a vacuum to remove the solvent. Thus, membranes 
were produced. Properties of the polymers obtained are summarized in Table 3. 



Table 3 



Example No. 


4.4'- 

Diphenyihexafiuoropropane 
chain In copolymer (mol%) 


Equivalent 
Weight of 
sulfonic acid 
(meq/g) 


Proton 
conductivity 
(S/cm) 


Tensile 
strength (kg/ 
cm2) 


Behavior In hot 
water 


10 


10 


2.42 


2.41x10-3 


520 


O 


11 


30 


2.15 


2.25x10-3 


575 


0 



EXAMPLE 12 

45 

[01 1 4] Polymerization and post-treatment were conducted in the same manners as in Example 6, except that 1 .29 
g (6 mmol) of 4-chlorobenzophenone was used as a molecular weight modifier in addition to the monomers of 193.5 
g (540 mmol) of 2,5-dich(oro-4'-phenoxybenzophenone and 16.1 g (60 mmol) of 4,4'-dlchlorobenzophenone. 
[0115] Thus, a copolymer was obtained In an amount of 159 g. It had a weight-average molecular weight of 130,800. 
[0116] Using 150 g of the polymer, sulfonation was conducted in the same manner as in Example 6, and post- 
treatment, drying and membrane fomiation were also conducted in the same manners as In Example 6. Because the 
viscosity was low as compared with the solution viscosity of the polymerized and sulfonated polymer to which the 
molecular weight modifier was not.added, a membrane having smooth and good surface was fomned. 

S5 EXAMPLE 13 

[01 1 7] Polymerization and post-treatment were conducted in the same manners as In Example 1 2, except that 2.58 



IS 
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g (12'mmol) of 4-chlorobenzophenone was used in place of 1 .29 g (6 mmol) of 4-chloroben2ophenone. 
[0118] Thus, a copolymer having controlled molecular weight was obtained in an amount of 159 g. It had a weight- 
average hiolecular weight of 94,600. 

[0119] Using 150 g of the polymer, suifonation was conducted in the same manner as In Example 6, and post- 
treatment, drying and membrane fomnation were also conducted iri the same manners as In Example 6. Because the 

viscosity was low as compared with the solution viscosity of the polymerized and sulfonated polymer to which the 
molecular weight modifier was not added, a membrane having smooth and good surface was fomied. 



Table 4 



Example 


4-Chiorobenzophenone 
(mol%) 


Weight 
average 
molecular 

weight 


Equivalent 
weight of 
sulfonic 
acid (meq/ 

g) 


Proton 
conductivity 
(S/cm) 


Tensile 
strength (kg/ 
cm2) 


Behavior in 
hot water 


Example 
12 


1 ■ 


130,800 


2.55 


2.56 


575 


0 


Example 
13 


2 


94,600 


2.578 


2.62 


560 


0 



[0120] The polyarylene copolymers of the Invention can be sulfonated while easily regulating the amount of sulfonic 
acid groups to be Incorporated. The sulfonic acid-containing polyarylene copolymers obtained are useful as a conduc- 
tive membrane having high proton conductivity in a wide temperature range. The sulfonated polymer shows excellent 
adhesion to substrates and electrodes, Is not brittle, and has excellent strength and excellent resistance to hot water. 
[0121] Consequently, the sulfonated polymers of the invention are utilizable as a conductive membrane in applica- 
tions such as electrolytes for primary batteries, electrolytes for secondary batteries, solid polymer electrolytes for fuel 
cells, display elements, various sensors, signal-transmitting media, solid capacitors, and ion-exchange membranes. 
Therefore, the invention is of great industrial significance. 

[0122] A polyarylene copolymer which comprises (A) from 60 to 3 mol% aromatic compound urirts having a main 
chain containing one or more electron-withdrawing groups therein and (B) from 4d.to 97 mol% aromatic compound 
units having a main chain containing no electron-withdrawing groups therein (provided that (A)+(B) = 100 mol%), and 
a proton-conductive membrane comprising the polyarylene copolymer having sulfonic acid groups. 



35 



Claims 



40 



1. A polyarylene copolymer which comprises (A) from 60 to 3 mol% aromatic compound units having amain chain 
containing one or more electron-withdrawing groups therein and (B) from 40 to 97 mol% aromatic compound units 
having a main chain containing no electron-withdrawing groups therein (provided that (A)+(B) = 100 mol%). 

2. The polyarylene copolymer of claim 1 , wherein the aromatic compound units (A) having a main chain containing 
one or more electron-withdrawing groups therein are structures represented by the following general formula (1): 



45 



SO 




0) 



wherein X and X* each represents at least one divalent electron -withdrawing group selected from the group con- 
sisting of -CO-, -CONH-, -(CF2)p- (wherein p is an integer of 1 to 10), -C{CF3)2-, -C00-, -SO- and -SOg-; to 
may be the same or different and each represents a hydrogen atom, a halogen atom, an alkyi group, a hal- 
ogenoalkyl group, an altyl group, or an aryl group; and n Is a number of 0 or 1 . 

3. The polyarylene copolymer of claim 1 , wherein the aromatic compound units (B) having a main chain containing 
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no electron-attracting groups therein are structures represented by at least one of the following general fomnulae 
(2)to(4): 




wherein Ri7 to R24 may be the same or different and each represents a hydrogen atom, an alkyi group, a halogen 
atom, a halogenoalkyi group, an aryl group, or a group represented by the fomiula 




wherein X represents an electron-attracting divalent group; Y represents an electron-donating divalent group; and 
r25 to R33 each represents a hydrogen atom, an alkyl group, a halogen atom, or a halogenoalkyi group). 

The polyarylene copolymer of claim 1 , which has sulfonic acid groups. 

The polyarylene copolymer of claim 4, which comprises from 35 to 7 moi% structural units derived from 4,4'- 
benzophenone as the aromatic compound units (A) having a main chain containing one or more electron-with- 
drawing groups therein and from 65 to 93 mol% structural units derived from 4'-phenoxy-2.5-benzophenone as 
the aromatic compound units (B) having a main chain containing no electron-withdrawing groups therein and which 
has sulfonic acid groups in an amount of from 2.0 to 3.5 meq per g of the polymer 

The polyarylene copolymer of claim 4, which comprises from 40 to 3 mol% structural units derived from 4,4'-bis 
(benzoyl) diphenyl ether as the aromatic compound units (A) having a main chain containing one or more electron- 
withdrawing groups therein and from 60 to 97 mol% structural units derived from 4'-phenoxy-2,5-benzophenone 
as the aromatic compound units (B) having a main chain containing no electron-withdrawing groups therein (pro- 
vided that (A) + (B) = 1 00 mol%) and which has sulfonic acid groups in an amount of from 1 .5 to 3.5 meq per g of 
the polymer. 
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A proton-conductive membrane which comprises the polyarylene copolymer having sulfonic acid groups of claim 4. 
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